The pain perception of 30 competitive swimmers was studied using experimentally induced ischaemic pain. The pain thresholds and tolerances of this group were compared with those of 30 club swimmers and 26 noncompetitive athletes. While pain thresholds showed little difference between the groups, pain tolerances were considerably different. Pain tolerances of the competitive swimmers varied according to the stage of the training season. The relation between ischaemic pain and that experienced during swimming training was studied using a pain questionnaire composed of several systematically structured verbal categories. Both types of pain were classified along similar dimensions, and it was concluded that the experimentally demonstrated pain tolerances could be generalised to the normal pain perception of the subjects.
Introduction
Over the last few years there has been a considerable increase in research into the psychological and physiological basis of pain.' 2 Certain categories of chronic pain sufferers have benefited considerably from treatments based on such research.3 There still exists, however, a large population of sufferers from chronic or episodic pain whose condition is best treated by moderate but sustained levels of chemical analgesics. Such long-term use of analgesics gives cause for concern to both physician and patient, and it would be useful for the optimal management of chronic pain if the psychological factors that control the threshold and tolerance levels of extended pain were understood in greater detail.
Although there are practical and ethical problems in studying systematically the characteristics of pain perception there is a population of chronic pain sufferers whose pain perception is not complicated by the presence of any disease process-namely, competitive athletes in training. Observations of everyday experiences in sport indicate that the ability to withstand high levels of pain is an important quality for an athlete if he is to excel in his activity. Normally the most striking feature of extended pain is its tendency to take control of the organism's whole behaviour, and even a weak pain stimulus tends to dominate over all other stimuli. Nevertheless, athletes continue to perform with sprained joints, pulled and contused muscles, and cuts in sensitive tissue, even when all-out exertion is demanded. It is in fact difficult for an athlete to avoid pain even though this sensation is normally so influential over behaviour, and the willingness of an athlete to tolerate high levels of pain is essential for success in top competition. Coaches of athletes have long been aware of considerable variability in the pain tolerances of trained athletes, but the psychophysiological factors that produce this variability are not well understood. A swimming coach, for example, can only rely on his experience to tell him whether he is training a swimmer too hard or if a swimmer has reached his peak both physically and in his pain tolerance.
The purpose of our study was to investigate the athletes' ability to tolerate pain during extreme physical stress. The study sought to provide information on the nature of pain perception in competitive swimmers both in terms of their responses to controlled induced pain and also by a detailed subjective specification of the pain experienced during swimming. Knowing more about such swimmers' response to pain could enable more specific predictions to be made regarding a swimmer's ability to push himself through the pain barrier. An understanding of the psychological factors that control the willingness of athletes to withstand pain would also be relevant in defining the extent to which people with chronic pain associated with a disease process could be reasonably encouraged in the acceptance of their pain. Pain tolerance was recorded in terms of the maximum number of times the subject was willing to contract his fist under the ischaemic conditions. A fatigue score was also recorded; this corresponded to the point at which the subject could not complete full finger extension after contracting the fist. Normal grip strength of the subjects was also measured using a hand dynamometer.
A pain perception questionnaire adapted from the McGill Pain Questionnaire5 was administered to the three groups of subjects. This questionnaire consists of 20 categories or groups of words that can be used to give a detailed description of a pain. The words have been classified as belonging to three major descriptive classes: sensory, affective, and evaluative. The words in a given category are also ranked according to their position on a five-point scale assigned on the basis of agreement between a number of different population groups. 6 In the present study we did not need to use more than the basic 16 groups of words that were originally used by Melzack and Torgerson6 in their scaling procedures. The use of the pain questionnaire made it possible to determine whether ischaemic pain was categorised by a distinctive set of verbal descriptions by the three groups of subjects. Moreover, it was possible to determine whether competitive swimmers found any similarity between the ischaemic pain and pain experienced as a result of severe muscle exercise during training. The swimmers were asked to choose words which they associated with swimming in general as well as with each specific component of a training session. The spatial distribution of the pain and overall intensity of the pain during swimming were also assessed systematically.
Kruskal-Wallis analysis of variance by ranks was used to evaluate differences in threshold and tolerance for the three groups of subjects. A Wilcoxon test for correlated samples was used to compare the tolerance scores of the national squad obtained at different stages in training. Two-tail tests of significance were used.
Results

PAIN PERCEPTION
The results from the questionnaire produced a distinctive group of words to describe the pain experienced during the muscle ischaemic test, and all three groups showed a high degree of agreement on these descriptive classifications. Five out of the original 16 word categories had more than two-thirds of each subject group choosing words from them. A criterion of two-thirds support was used in the original classification of the word groups.6 The chosen categories were: "temporal," "constrictive pressure," "dullness," "tension," and "evaluative." The component words of these categories are shown in table I. There was disagreement over only one category. The national squad showed a preference for the word "tingling" to describe ischaemic pain, which was not included in the above five categories. The descriptions chosen by the national and club swimmers to specify pain experience during swimming also showed a high degree of agreement between the two groups. In addition, using the criterion of two-thirds support from the subjects, swimming pain was characterised by the same five verbal categories out of the 16 available. There was disagreement over only one category: the national swimmers tended to use a "punishment" category more frequently than the club swimmers. These data support the belief that the perceptual experience of the pain induced experi-BRITISH MEDICAL JOURNAL VOLUME 283
11 JULY 1981 mentally in this study was of a similar quality to the pain experienced during swimming t&aining and that the three different subject groups were similar in their overall perceptual responses to the pain-inducing conditions. peak of the training season, and then in October, after the summer break in major competitive swimming, when the training sessions were again at their initial low work-load levels. Significant changes in tolerance scores were seen (table IV) , highest tolerances occurring at the peak of training, and then dropping again to a comparatively low level at the start of the new training season. 
Discussion
High tolerances of ischaemic pain in competitive athletes have been shown in at least one previous study.7 Studies such as this have, however, left open the question of how far the characteristics of experimental pain perception can be generalised from the specific experimental circumstances. Athletes may appear to tolerate noxious sensory stimuli of high intensity, but such stimuli are often completely ignored in the height of competition. Diminished consciousness of pain is not tolerance in its proper sense, nor would be a general insensitivity to sensory stimuli over a wide range of intensity values. Our data, however, indicate that the high tolerance of ischaemic pain shown by competitive swimmers reflects a genuine and general pain tolerance. The national squad swimmers did not appear to be simply insensitive to painful stimuli, since there were no significant differences in pain thresholds between them and the other subject groups. Furthermore, the choices made of the verbal categories from the pain questionnaire showed that both the experimental and swimming pain were classified along similar sensory, affective, and evaluative dimensions. Therefore there is good reason to believe that the tolerance levels shown under the conditions of ischaemic pain reflected those normally found in the subjects under study. This conclusion is supported by the fact that the national squad swimmers reported that the pain experienced during swimming was the worst that they had ever experienced and chose words from the questionnaire that had high-intensity scale ratings. In comparison the club swimmers rated ischaemic pain as being higher than that normally experienced during training.
What then could be the reasons for the superior pain tolerance in the competitive swimmers ? Possibly the high tolerance could reflect in some way the superior muscular competence of trained athletes. There was, however, no correlation of grip strength with tolerance among the swimmers, nor were muscle-fatigue levels, as indicated by an inability to fully close the fist under the ischaemic conditions, related in a simple way to pain-tolerance scores. Muscle fatigue provided an ultimate ceiling for the number of possible fist contractions that could be achieved under ischaemic conditions, but though the national swimmers showed more signs of muscle fatigue in the ischaemic test (23 out of 30), few of the other subjects showed any such fatigue (7 out of 56). It is unlikely therefore that some form of muscle fatigue or inadequacy was limiting the pain-tolerance scores of the club swimmers or the non-competitive athletes.
The generally superior pain tolerances of the highly trained swimmers could reflect the action of complex experiential and motivational factors rather than any simple physiological mechanism. The national swimmers had had considerable experience of extended bouts of pain during training. Such experience could be expected to modify considerably the apprehension normally associated with high levels of pain. In addition, not only is there considerable pressure for such swimmers from peers and coaches to tolerate high levels of pain, but also high levels of pain are often treated by swimmers as confirmation of the adequacy of their training work load and seriousness of effiort. It is reported that pain can be strangely satisfying to the highly motivated athlete. 8 The changes in pain tolerance of the swimmers during the training season indicates that some form of short-term adaptation to pain can also occur as a result of systematic exposure to periods of intense but limited pain. The characteristics of this adaptation indicate the possible role of neurohormonal mechanisms such as those of the endogenous opiate system.9 10 In addition, there is evidence, in the rat at least, for the existence of a non-opiaterelated analgesic state that is stress related and conditionable.1' Such a form of analgesia might well have a role in the conditioning of pain tolerance in the systematically stressed athlete.
Finally, if these data on pain perception in the trained athlete have any relevance for the patient suffering chronic pain due to a disease, they do suggest that if such pain cannot be eliminated entirely or consistently then some tolerance to the pain might be developed by systematic limited exposure to it. In addition, the data of the present study confirm the commonly held belief that considerable changes in pain tolerance can occur depending on the importance put on such pain by both the sufferer and those associated with him.
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